Abstract
INTRODUCTION
Oesophageal achalasia is the best understood and best characterised oesophageal motility disorder [1] . Of unknown aetiology, it is a functional disease secondary to irreversible degeneration of oesophageal myenteric plexus neurons causing aperistalsis or uncoordinated contractions of the oesophageal body and incomplete or absent post-deglutitive relaxation of the lower oesophageal sphincter (LES) [2, 3] . All the available treatments for achalasia are palliative, being directed toward elimination of the outflow resistance caused by abnormal LES function and aiming to improve the symptoms related to oesophageal stasis, such as dysphagia and regurgitation [4, 5] . According to the literature, surgical therapy, relying on an oesophago-gastric extramucosal myotomy with fundoplication, seems the treatment of choice for achalasia, being more effective in improving symptoms than both endoscopic pneumatic dilation and endoscopic botulinum toxin injection into the LES, especially in the longterm [6] [7] [8] [9] [10] [11] . Furthermore, the advent of laparoscopic techniques has rekindled interest in the surgical management of this disease, decreasing the morbidity associated with thoracotomic or laparotomic myotomy which for several years indicated that endoscopic pneumatic dilation was the first line therapy for oesophageal achalasia [3] . However, many issues regarding the surgical technique are still debated such as the length of myotomy, the association of an anti-reflux procedure with myotomy and the type of fundoplication to perform. Concerning the latter question, both a 180° anterior and 270° posterior partial fundoplication represent the most frequently performed anti-reflux procedures after myotomy.
BRIEF ARTICLE
Although the total 360° wrap is generally considered an obstacle to normal oesophago-gastric transit in the presence of defective peristaltic activity, some authors showed that the Nissen-Rossetti fundoplication is not an obstacle to oesophageal emptying after Heller myotomy, achieving excellent results in terms of dysphagia and providing total protection from gastroesophageal reflux (GER) [10] . The present study aimed to compare the surgical and mid-term outcomes of laparoscopic calibrated NissenRossetti fundoplication with laparoscopic Dor fundoplication, performed after oesophago-gastric myotomy, for the treatment of oesophageal achalasia.
MATERIALS AND METHODS
All patients referred between September 2002 and March 2007 for primary oesophageal achalasia were inserted in a prospective database including the results of symptoms evaluation and of oesophageal instrumental studies. Using this database, the results of fifty-six patients (26 men, 30 women; mean age 42.8 ± 14.7), who had undergone minimally invasive surgical treatment, were analyzed in this study.
All patients enrolled in this study were between 16 and 70 years old, had a preference for surgical treatment and had no absolute contraindications for laparoscopic surgery.
We excluded patients with central nervous system diseases, mental disorders, connective system diseases, diabetes mellitus, neoplastic diseases, inflammatory bowel diseases, pregnancy, previous gastro-intestinal diseases and those who were on medications that may have influenced gastric acidity or motility. Patients presenting with achalasia associated with other oesophageal diseases were also excluded. In the same way, patients who had undergone previous surgical treatment for achalasia and who had previous oesophageal, gastric or biliary surgery were excluded.
Preoperative evaluation of the patients was performed using symptom questionnaires (composite symptom score combining severity and frequency of symptoms [12] and SF-36 questionnaire [13, 14] ), barium swallow, upper gastrointestinal endoscopy and stationary oesophageal manometry.
All enrolled patients underwent laparoscopic extramucosal Heller myotomy associated with an anti-reflux procedure.
Depending on the type of fundoplication performed after myotomy, the study was divided in two periods: during the first 2 years (from April 2003 to April 2005), the authors performed a total calibrated (Nissen-Rossetti) fundoplication, and from May 2005 to May 2007 they performed an anterior 180° (Dor) fundoplication. A 6-mo follow-up period with symptomatic evaluation and barium swallow was undertaken. Twelve and twenty-four months after surgery, all patients were invited to repeat the symptomatic evaluation and were interviewed about the persistence of preoperative symptoms and about the presence of symptoms related to the GER disease (GERD) (heartburn, acid regurgitation and atypical symptoms).
Data regarding symptoms and patients' general health (GH) were collected via the same questionnaires used for the preoperative evaluation. Furthermore, at the same follow-up points (12 and 24 mo), each patient was asked to undergo barium swallow, endoscopy, oesophageal manometry and 24 h oesophago-gastric pH monitoring, to evaluate any abnormal GER, as part of the study protocol.
The study was approved by the ethics committee of Second University of Naples and conducted according to the ethical standards of the Helsinki declaration.
Each patient gave informed written consent.
Symptoms and quality of life
A composite symptom score, combining severity and frequency of dysphagia, regurgitation and chest pain, was used to evaluate patients' symptoms, the range varying from 0 (no symptoms) to 33 (maximum symptoms) [12] . Quality of life (QoL) was evaluated by means of the SF-36 questionnaire [14] , which measures eight domains of health-related quality of life (HRQL) using 36 items. These include physical functioning, physical role, bodily pain, emotional role, GH, social functioning, mental health and vitality. The SF-36 scores range from 0 to 100, with low scores representing poorer HRQL and a score of 100 representing the best possible HRQL.
Barium swallow
In all patients a standard oesophageal radiological examination after swallowing a bolus of contrast (Prontobario HD-Bracco, Milan, Italy) was obtained before surgery and at 6, 12 and 24 mo follow-up.
The presence of hold-up in the lower two-thirds of the oesophagus, bird-beak appearance, scarce and slow oesophageal body clearance and dilated and atonic oesophagus were considered suggestive of achalasia.
The maximum oesophageal diameter was measured in the antero-posterior projection at the site of the bariumair level and was recorded to grade the severity of achalasia as follows: stage Ⅰ < 4 cm; stage Ⅱ 4-6 cm; stage Ⅲ > 6 cm; stage Ⅳ, any diameter with sigmoid morphologic appearance of the oesophagus [10] .
Upper gastrointestinal endoscopy
Endoscopy was performed in all patients to rule out any malignancies before surgery and, 1 and 2 years after surgery, to evaluate the presence of reflux oesophagitis or stenosis.
The presence of atonic and dilated oesophageal body, food stagnation in the oesophagus, spastic oesophagogastric junction (EGJ) and difficult crossing through the EGJ in the absence of any malignancies were considered suggestive of achalasia. The presence of oesophagitis was graded according to the Los Angeles classification [15] .
Oesophageal manometry
All subjects underwent stationary oesophageal manometry with an eight channel, multiple-lumen catheter (4 open tips at the same level and oriented radially at 90° intervals and the other 4 extending proximally at 5 cm intervals) (Menfis Biomedica Inc. Bologna, Italy), perfused with a pneumo-hydraulic capillary infusion system (Menfis Biomedica Inc., Bologna, Italy).
Each channel was connected to an external pressure transducer (Menfis Biomedica Inc. Bologna, Italy) and the electric signal was sent to an acquisition/amplification module that subsequently directed the processed signal to a digital system for data acquisition, storing and analysis.
Each manometric evaluation was performed in all patients after 12-h fasting and after discontinuation of all medication affecting the gastroesophageal tract for at least 1 wk.
The catheter was passed through the nose until all the channels were placed into the stomach. The gastric pressure at the end of expiration was recorded and used as a reference point. If the catheter did not pass the EGJ, a guidewire placed in the stomach during endoscopy was used.
Manometric evaluation of the LES and of the neosphincter was performed using the stationary and motorized pull-through techniques, according to Gruppo Italiano Studio Motilità Apparato Digerente guidelines [16] . The parameters used for LES and neo-sphincter evaluation were resting pressure, total length and percentage of post-deglutitive relaxation.
Oesophageal motor activity (amplitude and duration of waves, percentage of peristaltic and simultaneous post-deglutitive sequences) was evaluated with stationary pull-through after 20 dry swallows.
Incomplete relaxation of the LES and aperistalsis of the oesophageal body (characterised either by simultaneous oesophageal contractions or no apparent contractions) were the manometric diagnostic criteria for achalasia [1] .
Twenty-four-hour oesophago-gastric pH monitoring At 12 and 24-mo follow-up, following manometric evaluation, 24-h ambulatory combined oesophageal and gastric pH monitoring was performed. Two glass pH catheters (Telemedicine s.r.l., Naples, Italy) were passed through the nose, positioning the proximal pH sensor 5 cm above the upper border of the LES, defined by previous oesophageal manometry. The distal pH sensor was located in the stomach, 5 cm distal to the lower border of the LES. Before each study, the pH probes were calibrated in buffer solutions of pH 7 and 1. The patients were instructed to remain in an upright or seated position during the daytime, to take three meals and to keep a diary of food intake, symptoms, and the time of the supine and upright position.
The data were registered and stored on a portable digital recorder (Menfis Biomedica Inc. Bologna, Italy) for 24 h and then the sensors were removed and the data downloaded into a personal computer for analysis. Gastroesophageal acid reflux was defined as a drop in oesophageal pH below 4.
Number of reflux episodes (normal value < 50), number of reflux episodes longer than 5 min (normal value < 3.1), percentage of total, upright and supine time with intraesophageal pH < 4 (normal values < 4.2%, < 6.3%, < 1.2%, respectively), longest reflux episode (normal value < 9.2 min) and DeMeester score (normal value < 17.92), were the parameters used for computerized analysis of acid reflux [17] .
Operative technique
All patients were operated using the same technique and by the same surgeon.
Briefly, surgery was performed using a five-port technique with 4 trocars of 10 mm in diameter and 1 of 5 mm. Pneumoperitoneum at 12 mmHg was induced through the open laparoscopy technique. The patient was placed in a 20° reverse-Trendelemburg position.
The surgeon was placed between the patient's legs, an assistant on the right side of the patient and another assistant on the left side. With the left hepatic lobe raised, using a grasper and a vessel-sealing system (Ligasure 1100 Atlas™ 10 mm; Valleylab/Tyco Healthcare UK Ltd.) the Laimer-Bertelli membrane was divided to expose the diaphragmatic pillars and the oesophageal anterior wall. When a Nissen-Rossetti fundoplication was performed, a wide dissection of the diaphragmatic crus was carried out to achieve a window, at least 5 cm in length, behind the lower oesophagus. Thus, the right diaphragmatic pillar was dissected from top to bottom exposing the deep portion of the left pillar that was subsequently dissected from bottom to top achieving a wide mobilization of the oesophagus on its lower mediastinal and abdominal portion. During dissection, the anterior and posterior vagus nerves were identified and preserved. Subsequently, after identification of the squamo-columnar junction (SCJ) by means of the endoscope, an oesophago-gastric myotomy, 5-6 cm long, extending 3-3.5 cm on the gastric side and 2-2.5 cm on the oesophageal tract, was performed. The The anterior 180° fundoplication was performed with three non-absorbable stitches on each side suturing the gastric wall to the edge of the myotomy.
Total fundoplication was performed with two nonabsorbable stitches, using the anterior wall of the gasusing the anterior wall of the gastric fundus, not incorporating the anterior wall of the oesophagus.
In each case, division of the short gastric vessels was division of the short gastric vessels was not necessary. During the surgical procedures, the myoDuring the surgical procedures, the myotomy and the fundoplication were calibrated through endoscopy and manometry, by means of the same instruments used for patients' preoperative evaluation. In particular, the endoscope was inserted transorally at the beginning of the surgical procedure. Identification of the SCJ, using the transillumination properties of the endoscope, facilitated dissection of the lower oesophagus and guided extension of the myotomy.
At endoscopy, the myotomy was considered adequate if no mucosal tears were found and when the appearance of a complete opening of the EGJ was achieved. Intraoperative manometry was performed placing the catheter in the stomach by means of a guidewire. The myotomy was considered adequate if a residual LES resting pressure less than 4 mmHg was registered [10] . With regard to the endoscopic and manometric calibration of the oesophageal wrap, the fundoplication was considered inadequate (too tight, misplaced or asymmetric) when a difficult transit of the endoscope through the wrap occurred, when the position of the wrap in relation to the SCJ was not correct (less than 1 cm above the SCJ), the internal aspect of the wrap seemed irregular and interrupted on the retroversion views and when the neo-sphincter resting pressure exceeded 40 mmHg [10] . According to intraoperative endoscopy and manometry, whenever the fundoplication was not effectively calibrated, the surgeon refashioned it correctly.
Statistical analysis
Statistical analysis was carried out using the programs InStat Graph-Pad Prism ® 5 and Graph-Pad StatMate ® (San Diego, California, USA). Values are expressed as mean ± SD or medians (25th, 75th percentiles, range). Continuous data were compared between each group using the Unpaired t-test, the Paired t-test or the Mann-Whitney U-test, when indicated, according to distribution. Prevalence data were compared between groups using Fisher's exact test. A probability value of less than 0.05 was considered significant. The primary end point of the study was the incidence of pathological clinical and instrumental GER in the Heller plus Dor, and Heller plus NissenRossetti groups. Secondary end points included symptom score and dysphagia recurrence rate, QoL and postoperative neo-sphincter pressure at oesophageal manometry. Outcome variables were analyzed on an intention-to-treat basis.
RESULTS
Of the 56 patients who underwent laparoscopic Heller myotomy, 30 (14 men, 16 women; mean age 42.4 ± 14.3) received an anterior 180° partial fundoplication and 26 (12 men, 14 women; mean age 43.3 ± 15.4) received a Nissen-Rossetti fundoplication. Table 1 shows the preoperative characteristics of the two groups of patients.
There were not significant differences in age, gender, weight distribution and duration of symptoms between the two groups.
Four patients, 2 in the total and 2 in the anterior fundoplication group, had undergone previous pneumatic dilation of the cardia, whereas 2 patients (1 in the Dor group and 1 in the Nissen-Rossetti group) had undergone endoscopic injection of botulinum toxin into the LES before surgery.
Preoperative assessment
All patients had dysphagia and no acid regurgitation, whereas 12 patients (21.4%) reported chest pain (Figure 1 Upper gastrointestinal endoscopy showed, in all cases, an atonic and dilated oesophageal body and a spastic EGJ, whereas grade A oesophagitis was found in 7 patients (12.2%).
At manometry, simultaneous oesophageal contractions were found in 20 patients (35.7%), whereas in 36 cases (64.2%) no apparent contractions of the oesophageal body were recorded. Evaluation of the LES showed incomplete relaxations in all patients. Median LES-P was 22 mmHg (interquartile range [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] .
The prevalence of symptoms, the presence of oesophagitis, and the manometric and radiological features did not differ significantly between the 2 groups of patients.
Surgery and early postoperative outcome
All surgical procedures were completed laparoscopically. No mortality was observed. Table 2 shows the results of surgery and early postoperative outcome.
Median duration of surgery was 90 min (range, 75-100 min) in the Dor group and 90 min (range 75-150 min) in the Nissen-Rossetti group (P = 0.67; Mann-Whitney U-test).
One major intraoperative complication was observed both in the Dor and Nissen-Rossetti group.
In the first case, an intraoperative mucosal tear occurred and was immediately repaired by placing 1 stitch and abdominal drainage. The other patient developed an intraoperative pneumothorax which required thoracic drainage. In another two patients in the Dor group, a minor intraoperative complication occurred, represented by an episode of intraoperative cervical subcutaneous emphysema. Blood transfusions were not required in any of the patients. The myotomy and fundoplication were calibrated by intraoperative endoscopy and manometry in both groups. In each case, residual LES pressure lower than 4 mmHg after myotomy, as measured by intraoperative manometry, was considered satisfactory.
The intraoperative median resting pressure of the new valve was significantly higher in the Nissen-Rossetti group, compared with the Dor group [29 (range 25-32) in the Nissen-Rossetti and 22.5 (range [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] in the Dor group (P < 0.001; Mann Whitney U-test)].
In the early postoperative period, two patients in the Dor group developed pulmonary atelectasis, promptly resolved with conservative treatment, and one patient in the Nissen-Rossetti group had urinary retention.
Median hospital stay was 3 d (range 2-7 d) in the Nissen group and 3 d (range 2-7 d) in the Dor group, no significant differences between the groups were observed (P = 0.81; Mann-Whitney U-test).
Follow-up assessment
Follow-up data were available for all patients at 6 and 12 mo follow-up, whereas, at 24 mo follow-up, the clinical and instrumental data of two patients with a NissenRossetti fundoplication were missing.
These two patients showed a good outcome at 6 and 12 mo, and although they underwent symptomatic evaluation at 24 mo follow-up, they rejected invasive investigations (endoscopy, manometry and pH-metry).
Consequently, 24 mo after surgery, complete instrumental data were available for 54 patients (96.4%), and based on the intention-to-treat analysis, the patients without 24-h oesophago-gastric pH monitoring were considered not to show pathological GER.
At 24 mo follow-up, 4 patients in the Dor group (4/30 = 13.3%) reported heartburn and acid regurgitation, whereas no patients in the Nissen-Rossetti group had GERD symptoms (P = 0.11; Fisher's exact test).
Four patients (2 with stage Ⅳ and 2 with stage Ⅲ achalasia) (4/56 = 7.1%) had moderate and occasional dysphagia; of these patients, 2 received a Nissen-Rossetti (2/26 = 7.7%) and 2 a Dor fundoplication (2/30 = 6.6%) (P = 1.00; Fisher's exact test).
The postoperative median symptom score decreased from 21 (range 12-33) to 3 (range 3-12) in the Dor group (P < 0.0001; Mann-Whitney U-test) and from 23 (range 12-33) to 3 (range 3-12) in the Nissen-Rossetti group (P < 0.0001; Mann-Whitney U-test), without any significant difference between the 2 groups.
In particular, the median dysphagia score did not differ significantly between the 2 groups [3 (range 0-5) in
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August 7, 2011|Volume 17|Issue 29| WJG|www.wjgnet.com Although the total mean health-related QoL score was significantly higher than the preoperative score (83.6 ± 4.2 vs 71.3 ± 4.7: ± 4.7: : P < 0.0001; paired t-test), there was no significant difference in the QoL between the patients with Dor and Nissen-Rossetti fundoplication (70.5 ± 4.06 ± 4.06 vs 72.3 ± 45.3: P = 0.16; unpaired t-test) (Figure 2) . Figure 2) . 2). . At radiological examination, none of the patients showed hold-up in the lower two-thirds of the oesophagus or bird-beak appearance.
Furthermore, the median of the maximum oesophageal diameter decreased from 4.75 (range 3.5-10) to 4 (range 3-10) (P = 0.01; Mann-Whitney U-test), with no significant differences between the Nissen-Rossetti and Dor groups (P = 0.93; Mann-Whitney U-test).
Two years after surgery, upper gastrointestinal endoscopy showed grade A-B oesophagitis in 3 patients in the Dor group who did not show oesophagitis preoperatively. Normal endoscopic features were found in all other patients.
At manometry, the median neo-sphincter resting pressure in the Nissen-Rossetti group was significantly higher than that in patients with Dor fundoplication [22.5 (range 20-29) in the Nissen-Rossetti vs 18 (range 7-22) in the Dor group (P = 0.91; Mann Whitney U-test)] (Figure 3) . In all cases, the neo-sphincter showed a complete postdeglutitive relaxation.
Manometric evaluation in 8 patients with stage Ⅱ achalasia, 4 in the Dor group (4/30 = 13.3%) and 4 in the Nissen-Rossetti group (4/24 = 16.6%), showed complete peristaltic contractions of the oesophageal body in 35.6% of dry swallows.
At pH-metry, 4 patients with an anterior fundoplication (4/30 = 13.3%) showed pathological acid reflux, whereas none of the 26 patients in the Nissen-Rossetti group had abnormal oesophageal acid exposure (P = 0.11; Fisher exact test).
The median percentage time with oesophageal pH less than 4 was significantly higher in the Dor group compared to the Nissen-Rossetti group (2; range 0.8-10 vs 0.35; range 0-2) (P < 0.0001; Mann-Whitney Mann-Whitney U-test) (Figure 4) . ) ( Figure 4) . Figure 4 ). 4).
DISCUSSION
At present, the aetiology of primary achalasia is still not clear, and only palliative and not curative treatments for this disease are available. The goal of the current therapeutic options is the long-term relief of dysphagia, preventing recurrences and improving QoL. The surgical management of achalasia seems to achieve, among the various treatment options, the best short and longterm clinical outcome, especially a minimally invasive approach, currently considered the treatment of choice for patients with idiopathic achalasia [6] [7] [8] [9] [18] [19] [20] [21] [22] [23] . However, although laparoscopic Heller myotomy has become an established therapeutic method and has achieved rapid and widespread diffusion, some points regarding the surgical procedure are still controversial.
The length of myotomy is the first matter of debate. Although some authors have proposed a limited myotomy on the lower oesophagus, preserving a small portion of the LES to prevent postoperative reflux [24, 25] , most authors have recommended a myotomy extending 4-6 cm on the oesophagus and 1-2 cm on the gastric side followed by an anti-reflux procedure [4, 5, 10, 18] . In this study, we performed an oesophago-gastric myotomy 5-6 cm long, with a proximal extension of 2-2.5 cm above the Z-line and a distal extension of 3-3.5 cm below the same landmark.
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August 7, 2011|Volume 17|Issue 29| WJG|www.wjgnet.com In a previous experimental study with intraoperative computerized manometry, we observed that myotomy of the oesophageal portion of the LES (without dissection of the gastric fibres) did not lead to a significant variation in the sphincteric pressure or vector volume. Instead, dissection of the gastric fibres for at least 2-2.5 cm on the anterior gastric wall, created a significant modification of the LES pressure profile [26] . This may be due to destruction of the anterior portion of the semicircular clasps and of the gastric sling fibres, which once disconnected from the posterior branches, lose their hook properties decompressing the posterior fibres [27] . These findings led us not to perform a long oesophageal myotomy, reducing damage to the oesophageal musculature and extending the myotomy for 3-3.5 cm on the gastric side. This point seems particularly relevant if we consider that some studies reported, by means of 24-h ambulatory oesophageal manometry, signals of reappearance of peristaltic activity after Heller's myotomy [28] [29] [30] [31] . On the other hand, in 8 patients in the present study at manometric follow-up, complete peristaltic contractions of the oesophageal body were found. The association of an anti-reflux procedure with myotomy is still a controversial issue.
Ellis, based on a case series, performed a thoracoscopic limited oesophago-myotomy without a fundoplication, obtaining good results for relief of dysphagia with a low incidence of postoperative GER [24, 25] . However, according to the literature, the thoracoscopic approach carries both technical disadvantages and poorer postoperative outcome, compared to laparoscopic access [32] [33] [34] [35] . Other authors, based on retrospective studies, reported excellent outcomes by adding an anti-reflux procedure (Dor or Toupet) to either laparoscopic or laparotomic myotomy, showing a 5.7% to 10% incidence of pathological GER at short-and long-term follow-up [36] [37] [38] [39] . On the other hand, some authors proposed a limited mobilization of the lower oesophagus and preservation of the oesophageal lateral and posterior attachments, with the intention of preserving the native anti-reflux mechanism, avoiding an anti-reflux procedure after the myotomy [40] . The first and the only prospective randomized double-blind clinical trial comparing Heller myotomy vs Heller myotomy with an anti-reflux procedure was designed by Richards, an historic supporter of laparoscopic Heller myotomy without fundoplication [41] . The same author reported a 47.6% incidence of pathological acid reflux in the group with Heller myotomy alone, vs 9.1% in the group with associated anterior fundoplication (P = 0.005), whereas no significant differences in surgical outcome and postoperative dysphagia were found. The author concluded that the addition of a Dor fundoplication to Heller myotomy provided more reliable protection from postoperative pathological GER.
Furthermore, recent retrospective studies evaluating the long-term follow-up of laparoscopic and trans-thoracic Heller myotomy, despite effective relief of dysphagia, showed an incidence of pathological GER between 11.3% and 80% [42] [43] [44] . Moreover, the results of a recent meta-analysis suggest that adding a fundoplication decreases pathologic acid exposure and GER symptoms after myotomy, and that the resolution of dysphagia is independent of whether a fundoplication is performed [11] . There is no agreement on the type of fundoplication to carry out.
The proponents of partial fundoplication, such as anterior 180° and 270° posterior, argue that the addition of a total fundoplication on the myotomized oesophagus may impair the oesophageal clearance, retarding oesophageal emptying and resulting in a higher rate of recurrent dysphagia [41] . However, few available data support this point of view.
Topart et al [45] showed a recurrence and re-operation rate of 82.4% associated with progressive oesophageal dilation in a series of 17 patients undergoing complete myotomy and short floppy Nissen fundoplication.
Wills demonstrated a similar incidence of postoperative dysphagia, regurgitation and heartburn between patients with partial and total fundoplication after Heller myotomy [46] . Falkenback, based on a prospective randomized trial comparing Heller myotomy alone with Heller plus Nissen fundoplication, found no significant difference at longterm follow-up in the rate of postoperative dysphagia, in contrast to the incidence of postoperative pathological GER, which was significantly higher in the group with Heller myotomy alone (13% vs 0.15%) [47] . Recently, Rossetti et al [10] reported the long-term followup of 195 consecutive laparoscopic procedures for the treatment of oesophageal achalasia with Heller myotomy plus Nissen-Rossetti fundoplication. This approach achieved good results with a 2.2% incidence of postoperative dysphagia and an absence of pathological GER in all 75 patients undergoing instrumental follow-up.
The first prospective randomized trial, comparing total Nissen fundoplication with a 180° anterior Dor fundoplication after myotomy for grade Ⅰ and Ⅱ achalasia, has recently been published [48] . The authors reported a 15% incidence of dysphagia in the group with Heller myotomy plus total fundoplication vs 2.8% in the group with anterior fundoplication (P < 0.001), whereas no significant difference in GER control was found, even when the incidence of pathological GER was higher in the Dor group compared to the Nissen group (5.6% vs 0%). Furthermore, the authors found a correlation between the grade of oesophageal dilation and recurrence of dysphagia, concluding that the Nissen fundoplication could be considered in selected cases such as younger patients with grade Ⅰ achalasia.
The present study aimed to compare the surgical and mid-term outcome of total fundoplication with anterior partial fundoplication following myotomy in the treatment of primary achalasia. Unlike the previous study [48] , based on the results of barium oesophagogram, patients with stage 3 achalasia were not excluded. Moreover, the similar characteristics between the 2 groups of patients and the strict exclusion criteria allowed a reliable comparison between the two groups.
Our data show firstly, a good and similar immediate postoperative outcome for both Nissen-Rossetti and Dor fundoplication.
Indeed, the two major intraoperative complications did not lead to a poorer postoperative outcome, and no significant difference in hospitalization between the two patient groups was observed. On the other hand, only one of these complications, pneumothorax, was probably related to the type of fundoplication, which occurred during mobilization of the lower mediastinal oesophagus, which in this case, appeared to be strongly adherent to the pleura. Furthermore, at 24 mo follow-up, there was no significant difference in the symptom score and QoL between the patients with partial and total fundoplication. Only 4 patients with grade 3 achalasia had occasional and moderate postoperative dysphagia and were equally distributed in the 2 groups.
In our opinion, these data, in contrast to a previous study [48] , reflect both our surgical technique and evaluation of the clinical results using a score which combined the severity and frequency of symptoms. The use of the anterior wall of the stomach in fashioning the wrap allows the construction of a neo-sphincter that adequately relaxes during swallowing, thus allowing normal bolus transit through the gastroesophageal junction even in patients with impaired oesophageal motility [49, 50] . Moreover, endoscopic and manometric calibration of the wrap leads to an objective evaluation of the fundoplication, avoiding a too tight or too long wrap that may increase the incidence of postoperative dysphagia [10] . Concerning the evaluation of symptoms, dysphagia is a symptom which may indicate a sensation of impaired, difficult or obstructed bolus transit through the oesophagus and may occur with variable frequency. In patients with achalasia treated surgically, although dysphagia may dramatically improve, the impaired oesophageal motility persists despite treatment.
Occasionally, after surgery, some patients may have rapid and excessive food intake which, in the presence of inadequate oesophageal clearance, may increase the risk of postoperative dysphagia. Furthermore, episodic emotional stress and psychological abnormalities may influence the subjective perception of bolus transit.
For these reasons, only a score which combines severity with frequency of symptoms may lead to an adequate evaluation of postoperative dysphagia.
This study, in contrast to other reports [41, 51] , seems to indicate that total fundoplication on a myotomized oesophagus, does not impair oesophageal bolus transit more than an anterior partial fundoplication.
Similarly, our data, according to Rossetti et al [10] , also suggest that at mid-term follow-up, the calibrated NissenRossetti fundoplication, performed according to our technique, does not represent an obstacle to oesophageal emptying after Heller myotomy. Obviously, further research to confirm these results at long-term follow-up with larger sample sizes are needed.
At 24 mo follow-up, although the difference in the incidence of pathological reflux was not statistically significant (the power of the study was low for the limited number of patients), none of the patients with NissenRossetti fundoplication showed pathological oesophageal acid exposure, in contrast to four patients with abnormal oesophageal pH-monitoring results in the Dor group. Furthermore, the median percentage time with oesophageal pH less than 4 was significantly higher in the Dor group compared to the Nissen-Rossetti group.
Similarly, the mean resting pressure of the neosphincter was significantly higher in patients with total fundoplication than in those with partial fundoplication.
These findings seem to indicate that total fundoplication allows more reliable protection from acid GER, compared to anterior partial fundoplication. On the other hand, the literature suggests that Nissen fundoplication is effective in reversing not only acid but also non-acid reflux [52] . Interestingly, at 2 years follow-up, we found an incidence of pathological reflux of 13.3% in patients with partial fundoplication which was higher than that reported at 6-mo follow-up in a previous prospective randomized study [41] . Moreover, other recent retrospective analyses suggest a progressive increase in oesophageal acid exposure at long-term follow-up in achalasic patients treated with myotomy plus Dor fundoplication [6, 53] . These data raise the question of whether partial anterior fundoplication is able to prevent pathological oesophageal exposure over time.
However, this is beyond the scope of this study and long-term follow-up results are needed to verify the effect of pathological reflux on the clinical outcome of patients undergoing surgery for oesophageal achalasia. The higher incidence of reflux symptoms and pathological reflux in the Dor group did not lead to worsening of the symptom score and QoL. This probably reflects the fact that, after surgical treatment, the patients with abnormal oesophageal acid exposure reported only mild heartburn and regurgitation and were euphoric about their ability to eat.
According to Ponce, patient satisfaction was more related to improvement in dysphagia, than to the absence of reflux symptoms [54] . However, other authors have emphasized the harm of GER in patients with impaired oesophageal clearance and myotomized oesophagus [10] . In our study, 24 mo after surgery, patients with pathological oesophageal acid reflux showed, at most, grade A oesophagitis and underwent standard dose PPI therapy.
In conclusion, our study seems to indicate that total and anterior partial fundoplication, performed after Heller myotomy for oesophageal achalasia, showed similar mid-term results in term of dysphagia and QoL. Furthermore, Nissen-Rossetti fundoplication seems superior to Dor fundoplication in preventing postoperative oesophageal acid exposure, even if the clinical and statistical relevance of this finding was not clearly evident at the midterm follow-up.
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Background
Oesophageal achalasia is the best characterised oesophageal motility disorder and is caused by irreversible degeneration of oesophageal myenteric plexus neurons. It is characterised by aperistalsis or uncoordinated contractions of the oesophageal body and incomplete or absent post-deglutitive relaxation of the lower oesophageal sphincter.
Research frontiers
Although the surgical therapeutic option is considered the gold standard, many issues regarding the surgical technique are still debated such as the length of myotomy, the association of an anti-reflux procedure with myotomy and the type of fundoplication to perform.
Innovations and breakthroughs
Although the total 360�� wrap is generally considered an obstacle to normal lthough the total 360�� wrap is generally considered an obstacle to normal oesophago-gastric transit in the presence of defective peristaltic activity, some authors have shown that Nissen-Rossetti fundoplication is not an obstacle to oesophageal emptying after Heller myotomy, achieving excellent results in terms of dysphagia and providing total protection from gastroesophageal reflux. Moreover, the only prospective randomized trial comparing total Nissen fundoplication with the 180�� anterior Dor fundoplication after myotomy, was carried out for grade Ⅰ and Ⅱ achalasia only, evaluating dysphagia recurrences using a non specific/dedicated score.
